Background: Spirometry is a basic test that provides much information about pulmonary function; it is performed preoperatively in almost all patients undergoing colorectal cancer (CRC) surgery in our hospital. However, the value of spirometry as a preoperative test for CRC surgery remains unknown. The aim of this study was to determine whether spirometry is useful to predict postoperative complications (PCs) after CRC surgery. Methods: The medical records of 1236 patients who had preoperative spirometry tests and underwent CRC surgery between 2005 and 2014 were reviewed. Preoperative spirometry results, such as forced vital capacity (FVC), one-second forced expiratory volume (FEV1), %VC (FVC/predicted VC) and FEV1/FVC (%FEV1), were analyzed with regard to PCs, including pneumonia. Results: PCs were found in 383 (30.9%) patients, including 218 (56%) with surgical site infections, 67 (17%) with bowel obstruction, 62 (16%) with leakage and 20 (5.2%) with pneumonia. Of the spirometry results, %VC was correlated with PC according to logistic regression analysis (odds ratio, OR = 0.99, 95% confidence interval, CI = 0.98-0.99; P = 0.034). Multivariate analysis after adjusting for male sex, age, laparoscopic surgery, tumor location, operation time and blood loss showed that a lower %VC tends to be a risk factor for PC (OR = 0.99, 95% CI = 0.98-1.002; P = 0.159) and % VC was an independent risk factor for postoperative pneumonia in PCs (OR = 0.97, 95% CI = 0.94-0.99; P = 0.049). Conclusions: In CRC surgery, %VC may be a predictor of postoperative complications, especially pneumonia.
Introduction
Spirometry is a non-invasive and easy test that can provide basic information about pulmonary function. It is used clinically in the diagnosis of restrictive lung diseases and chronic obstructive pulmonary disease (COPD) (1, 2) . In surgery, spirometry has also been considered a useful and feasible tool to provide information about patient pulmonary status and to help determine which patients are appropriate for invasive surgery. Its value as a preoperative screening examination in extrathoracic surgery remains undetermined, but guidelines from the American College of Physicians state that spirometry should be reserved for patients who are thought to have undiagnosed COPD (3) .
In our hospital, spirometry is used as a routine preoperative exam for patients undergoing colorectal cancer surgery, which is commonly performed in Japan. However, the value of spirometry as a routine preoperative test for colorectal cancer surgery remains unclear, with no clear evidence of its value in a previous study. In colorectal cancer surgery, the overall complication rate is~20% (4) . Although most postoperative complications (PCs) are manageable, they can be life threatening, such as cardiovascular or pulmonary disease. Thus, it is important to grasp the basic situation, especially cardiac and pulmonary function, of the patient precisely and to make an appropriate decision as to surgery. Thus, the aim of this study was to clarify whether spirometry is valuable in predicting PCs, including pneumonia, after colorectal cancer surgery.
Patients

Study population
This was a retrospective study, and the medical records of patients who had preoperative spirometry tests and underwent colorectal cancer surgery with curative intention under general anesthesia between 2005 and 2014 at Keio University Hospital were reviewed. Patients with R2 resections (e.g. stoma only) were excluded. We did not have established preoperative rehabilitation program for the patients who have poor pulmonary function and whether the patients have some pulmonary rehabilitation or not is each doctor's judgment.
Methods
Clinicopathological characteristics, such as sex, age, BMI, performance status (PS), tumor marker, tumor location, baseline disease, past laparotomy, a history of smoking, preoperative spirometry results and surgical results, were collected from the medical records.
Complications
Regarding PCs, surgical site infection, bowel obstruction, leakage, deep surgical site infection (including leakage and abdominal abscess), thrombosis and pneumonia, which are common in colorectal cancer surgery, were reviewed. These complications were diagnosed by clinical and radiological examinations. Pneumonia was defined as a fever above 37.0°C, elevated white blood cell count (WBC) or C-reactive protein (CRP) level in blood tests, pneumonia images on a chest X-ray or Computed Tomography (CT) scan, and the need for antibiotics. These complications were classified according to the Clavien-Dindo scheme, and we counted complications of Grade 2 and over (5).
Spirometry test
Preoperative spirometry results, such as functional vital capacity (FVC), forced expiratory volume in 1 s (FEV 1 ), %VC (FVC/predicted VC) and FEV 1 /FVC (FEV 1 %), were checked and analyzed statistically with regard to the complications. According to the Japanese Respiratory Society guidelines for Pulmonary Function Tests, spirometry assessment is determined by two parameters, %VC and FEV 1 %, and subjects are divided into four categories (normal, obstructive, restrictive and combined), depending on whether the two parameters are normal or abnormal ( Table 1 ). The cut-off point for FVC is 80%, and that for FEV 1 % is 70%. We compared the restrictive group (%VC < 80%) and the nonrestrictive group (%VC ≥ 80%) to assess any differences in background and postoperative results ( Table 2) . We also calculated new cut-off points for the spirometry results to predict PCs, using receiver operating characteristic (ROC) curves.
Statistical analyses
Statistical analyses were performed using the Stata software (Stata Corp., USA). We analyzed correlations between preoperative spirometry results and PCs using the Mann-Whitney U-test, χ 2 tests, and logistic regression analysis. Any variables associated with PC or pneumonia with P < 0.05 were introduced into a logistic regression model to determine the independent risk factors. Odds ratios (OR), 95% confidence intervals (CIs), and P values of predictors were calculated. P values < 0.05 were considered to indicate statistical significance. ROC curves were drawn for %VC to determine the optimal cut-off value to predict postoperative pneumonia. Table 2 shows the clinicopathological factors and surgical outcomes in all subjects (1236 patients: 717 males, 58%). The average age and BMI were 68.0 years old and 22.4 kg/m 2 , respectively. The percentage of colon cancer was 66% and that of rectal cancer was 34%. The percentage who underwent laparoscopic surgery was 58%. PCs were found in 383 (30.9%) patients, including 218 (56%) with surgical site infections, 67 (17%) with bowel obstruction, 62 (16%) with leakage and 20 (5.2%) with pneumonia.
Results
Clinical factors of patients
Spirometry results
Both the average FEV 1 % and %VC were within the normal range (74.9% and 99.6%, respectively; Table 2 ). Age, BMI, tumor location, baseline disease and operation time showed statistically significant differences between the non-restrictive group (%VC ≥ 80%) and the restrictive group (%VC < 80%), but there was no difference regarding postoperative pneumonia or other complications.
Risk factors for postoperative complications
We performed univariate logistic regression analyses regarding correlations between each clinical characteristic and complications, and found that male sex, age, tumor location, blood loss, operation time, laparoscopic surgery and %VC of spirometry results were risk factors for PCs (Table 3) . In a multivariate analysis of those factors, age (OR = 1.02, 95% CI = 1.005-1.027; P = 0.005), blood loss (OR = 1.0003, 95% CI = 1.0001-1.0006; P = 0.007) and operation time (OR = 1.002, 95% CI = 1.001-1.003; P = 0.001) were independent risk factors for PCs. Of the spirometry results, %VC tended to correlate with PCs (OR = 0.99, 95% CI = 0.98-1.002; P = 0.159). 
Risk factors for postoperative pneumonia
We also performed statistical analyses regarding the risk factors for postoperative pneumonia, which might be expected to show a strong correlation with spirometry results (Table 4 ). In univariate analyses, age, blood loss, operation time and %VC were significant risk factors for pneumonia (P < 0.05). A multivariate analysis showed that age (OR = 1.05, 95% CI = 0.999-1.000; P = 0.035), and %VC (OR = 0.97, 95% CI = 0.94-0.99; P = 0.049) were independent predictors of postoperative pneumonia. We also performed statistical analyses regarding the risk factors for postoperative pneumonia using FEV1, other than %VC, but FEV1 was not relevant to postoperative pneumonia (P = 0.201, data not shown). (We checked multicollinearity of each factors, and %VC and FEV1 had some correlation, so we chose each factor when we do multivariate analysis.) ROC curve analysis of %VC suggested 91.8% as the optimal value for predicting postoperative pneumonia, with an area under the curve of 0.659. This cut-off point produced a sensitivity of 72.8% and a specificity of 60.0%, PPV of 3.5% and NPV of 99.1% (Fig. 1) . Regarding other complications, such as surgical site infection, bowel obstruction, and leakage, no clear correlation was seen among the spirometry results (data not shown).
Discussion
Spirometry has been considered an important preoperative examination to assess pulmonary status, and some studies have demonstrated the usefulness of spirometry in thoracic surgery, bariatric surgery for obese patients and gastric cancer surgery (6, 7, 8) . The mechanism of postoperative pulmonary complications in upper abdominal surgery is considered to involve incision sites close to the diaphragm that cause a decrease in vital capacity and limit diaphragmatic motion, which breaks the respiratory restrictive pattern and can cause lung collapse, leading to postoperative pulmonary complications (9). However, Cleva et al. reported that the same substantial reduction in lung volume was observed in inferior versus superior abdominal surgery (10) . Similarly, another report suggested that an inferior abdominal incision was an independent risk factor for postoperative pulmonary complications (11) . In this current study, laparoscopic surgery tended to reduce the incidence of postoperative pneumonia compared to open surgery. Although It might be caused by the difference of size of incision, further investigation should be needed While spirometry may be useful for predicting PCs, especially pneumonia, in colorectal cancer surgery, no previously reported study has discussed this. Our analysis is the first to show the utility of preoperative spirometry in the field of colorectal cancer surgery. In our retrospective analysis, we showed that %VC was an independent predictor of postoperative pneumonia and tended to correlate with PCs. These results are consistent with previous reports that found the frequency of pulmonary complications in bariatric surgery to be higher in the restrictive group than the normal group (7), and that spirometry results could predict postoperative pulmonary complications only in patients with obstructive sleep apnea syndrome. Although Jeong et al. reported that FEV 1 % data were relevant to PCs in gastric cancer surgery (8), %VC was not discussed. In our analysis, no correlation was observed between FEV 1 % and PCs in colorectal cancer surgery (2.3 L was the optimal value for predicting postoperative pneumonia, with an area under the curve of 0.657). The mechanism of the development of pulmonary complications is considered to involve a reduction in pulmonary capacity and destruction of the respiratory restrictive pattern, which may cause lung collapse, finally leading to postoperative pulmonary complications (10) . Thus, %VC, rather than FEV 1 %, might have a greater impact on PCs, especially pneumonia, in colorectal cancer surgery.
Our analysis also demonstrated that the preoperative value of % VC may help in predicting not only pneumonia but also other complications, including leak and ileus. In our data, patients with irregular results in preoperative spirometry testing had some baseline disease, rather than normal pulmonary conditions, and thus they might be more likely to suffer from PCs. Adem reported that COPD patients undergoing abdominal surgery had other baseline diseases, such as cardiac and renal comorbidities, and readily developed other comorbidities (12) . Likewise, patients who already had pulmonary problems were reported to suffer from surgical complications more frequently, such as wound problems, intestinal obstruction, and pulmonary complications, after laparoscopy-assisted distal gastrectomy for gastric cancer (13), although no previous report has discussed a relationship between surgical complications and pulmonary disease in CRC surgery.
A possible reason why poor pulmonary conditions cause complications is that pulmonary disease is a systemic disease that influences not only the lung but the whole body (14) . Hypoxia in the area of an anastomosis in the intestine or a wound may cause a leak or ileus or a delay in the wound healing process, respectively. A decline in the immune system after surgery due to pulmonary disease might also increase the risk of infection. Nevertheless, no previous report has discussed a relationship between PCs after colorectal surgery and pulmonary status.
In the current study, we propose a new cut-off point for %VC to predict postoperative pneumonia using ROC curves. In Japan, spirometry results have been used to diagnose patients with restrictive, obstructive or both types of pulmonary disease; thus, the cut-off value established is strict. Generally, patients about to undergo surgery were evaluated using such a threshold. However, following this, over 70% of patients were categorized as normal, and only a few patients were categorized into abnormal groups (restrictive, obstructive and combined group); thus, this category might not be useful for predicting the risk of the operation. In fact, no significant difference in the incidence of postoperative pneumonia or other complications was observed between the non-restrictive group (%VC ≥ 80%) and the restrictive group (%VC < 80%). However, according to ROC curve analysis in the current study, 91.8% was found to be the optimal value for predicting postoperative pneumonia with an area under the curve of 0.659, which showed 72.8% in sensitivity, 60.0% in specificity, 3.5% in PPV and 99.1% NPV. NPV was quite high, which suggested there is almost no possibility of having pneumonia when the %VC of spirometry was over 91.8%. Unfortunately, the area under the curve value itself was not high for many other factors potentially related to PCs. Moreover, for both pneumonia and PCs generally, it may be difficult to predict complications from spirometry alone, and other preoperative tests should still be taken into account when evaluating the risk of PCs.
We could detect neither the relationship between PC nor pneumonia and a history of smoking. This means that the history of smoking does not reflect the current respiratory condition. Moreover, in our analysis, the patient population covers only the patients that we judged operation was possible, so patients with severe pulmonary disease were excluded in our study.
Our study has several methodological limitations. First, it was a retrospective study. Patients with severe pulmonary disease who underwent palliative surgery (stoma or bypass) were excluded. Moreover, according to pulmonary status, some patients underwent open surgery rather than laparoscopic surgery because of the risk of pneumoperitoneum, and these patients tended to receive attention in the intensive care unit after surgery. Such selection biases might affect the results. Second, the spirometry test itself is sensitive. In some patients, especially elderly patients, who have difficulty understanding the essence of the spirometry method, the results may not mirror true pulmonary conditions. However, preoperative spirometry itself is not influenced by respiratory machine and other factors related to operation and anesthesia. Considering these limitations, we have to determine the patients' pulmonary function using another objective test, such as X-rays or CT. Despite these limitations, our findings should be collected attention because this is the first study to determine the utility of preoperative spirometry examinations in CRC surgery.
In conclusion, spirometry is useful as a preoperative exam for helping predict PCs, especially postoperative pneumonia, in colorectal cancer surgery. Further prospective studies are desirable to confirm this.
